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INTRODUCTION
A re s e a rc h program i n human le a r n in g r e c e n t l y begun by Noble (N oble, 1954) i s a tte m p tin g t o extend H u l l 's S-R re in fo rc e m e n t th e o ry (H u ll, 1952 ) from th e s p e c ia l case o f tw o -c h o ic e sim ple t r i a l -a n de r r o r le a r n in g t o th e g e n e ra l case o f m u ltip le -c h o ic e compound t r i a la n d -e rro r le a rn in g° On th e. b a s is of H u l l 's a ssu m p tio n s, th e fo llo w in g r a t i o n a l e q u a tio n was proposed (N oble, 1957c) 
i t o f Rgj i = i n i t i a l p r o b a b il i t y a t th e o u ts e t o f le a r n in g (g iv en b y th e r e c i p r o c a l o f th e number of a v a il a b le , independent and m u tu a lly -e x c lu s iv e r e s p o n s e s ) | r = r a t e p aram eter ( t h e o r e t i c a l l y r e l a t e d t o stim u lu s c o n d itio n s , ta s k f a c t o r s , work d i s t r i b u t i o n , reward c o n tin g e n c ie s , and in d iv id u a l d if f e r e n c e s ) j
and where N -number of p r a c t i c e t r i a l s .
P rev io u s ex p erim en ts have in v e s tig a te d th e g e n e r a l i t y o f t h e equa t i o n u n d er v a r ia t io n s o f re sp o n se a v a i l a b i l i t y (N oble, 1955, 19 o f v a ria n c e i n accounted f o r by E q u atio n 1 in th e s e s tu d ie s has ranged i n 24 in dependent sam ples from 91*8$ t o 99•9% w ith th e h ig h e r v a lu e s pred o m in atin g (mean -98*7$)* The p re s e n t experim ent i s a more s t r i n g e n t t e s t of th e a p p lic a b i l i t y o f E q u atio n 1 i n which t h e l i m i t o f a c q u is i t i o n ( a ) was v a r ie d f o r d i f f e r e n t g ro u p s , a l l o th e r v a r ia b l e s b e in g k e p t c o n stan t.. V arious a sy m p to tic r e s t r i c t i o n s were in tro d u c e d b y m a n ip u la tin g th e p e rc e n ta g e o f r e in f o r c e a b le re sp o n se s a v a ila b le t o Ss i n a sta n d a rd 1 0 -lin k problem.. The e m p iric a l q u e s tio n , i n o th e r w ords, was t o d eterm in e th e in flu e n c e o f d i f f e r e n t "d eg ree s o f s o l u b i l i t y " on th e b a s ic form o f human t r i a l -a n d -e r r o r a c q u is i t i o n curves* Most of t h e e a r l i e r i n v e s t i g a ti o n s d isc o v e re d a high d e g re e of p r e d i c t a b i l i t y f o r E quation 1 when i was v a r ie d and a h e ld c o n s ta n t.
T his experim ent-w as d esig n e d t o a s s e s s t h e p r e d i c t a b i l i t y o f th e f o r mula u n d er e x a c tly th e o p p o s ite c o n d itio n s . Our e x p e c ta tio n was t h a t E q u atio n 1 would co n tin u e t o p r e d ic t human b eh a v io r w ith ap p ro x im a te ly th e same ac c u ra c y as b e f o r e , and t h a t r would be some f u n c tio n o f a .
Due to th e n a tu r e of t h e e q u a tio n , i t was a ls o deduced t h a t i n i t i a l p r o f ic ie n c y would v a ry d i r e c t l y w ith th e s e asy m p to tic r e s t r i c t i o n s . i n human S s. P acin g s tim u li a r e p re s e n te d s e r i a l l y by an e le c tr o n i c a l l y -c o n t r o l l e d s l i d e p r o j e c t o r , t o which S resp o n d s by s e le c tin g keys on a s e m ic irc u la r p a n e l. The s l i d e s c o n s is te d o f an in v a r ia n t sequence o f 10 e l e c t r i c a l c i r c u i t sym bols, and th e c o r r e c t s o lu tio n f o r a l l Ss was t o p r e s s t h e odd-numbered keys i n th e o rd e rs 3 , 1 3 , 17> 9 , 19 s 5* 1» H > 7 , 15» S co re s were re c o rd e d b y po ly g rap h and c o u n te rs -Tin® c o n s ta n ts f o r stim u lu s d u r a tio n ( 2 -s e e . )» i n t r a s e r i a l i n t e r v a l ( 1 . 7 5 -s e c . ) , i n t e r s e r i a l i n t e r v a l ( 7 »50-s e c . ) , re w a rd 'd e la y 
For Group 8 th e s i t u a t i o n was t h e same a s above ex c ep t t h a t tw o keys
w ere n o n -r e in f o r c e a b le ; hence a -,8 0 . Group 6 had f o u r k ey s n o nr e i n f o r c e a b l e , g iv in g a = .6 0 . F in a l l y , Group 4 p r a c tic e d w ith s i x n o n -r e in f o r c e a b le k e y s, so a s . 40.
The f o u r groups whose a sy m p to tic v a lu e s w ere l e s s th a n 1 .0 0 were f u r t h e r s u b -d iv id e d i n t o t h r e e eq u a l subgroups (n s 10) which were d i ff e r e n t i a t e d from each o t h e r by t h e p a t t e r n of n o n -r e in f o r c e a b le k e y s.
In a l l c a s e s th e keys w ere e lim in a te d by random s e l e c t io n as shown 
A ll Ss were i n s t r u c t e d t o u se t h e f csrefin g er of t h e p r e f e r r e d hand o n ly ,
t o r e t u r n th e hand t o t h e f i x a t i o n p l a t e a f t e r each re s p o n s e , and n o t t o p r e s s any b u tto n s d u rin g t h e i n t e r -s t i m u l u s i n t e r v a l . Each S p ra c 
■6-
eaeh t r i a l sc o re i s 10. As p r e d ic te d from t h e o r e t i c a l c o n s id e r a tio n s ( H u ll8 1952| N oble, 1 9 5 ? c )s a l l f i v e c u rv e s a re asym m etrical and s i g m oidal* M oreover, th e y a r e i n e x c e lle n t agreem ent w ith E q u a tio n 1 .
The b e s t = f i t t i n g t h e o r e t i c a l e q u a tio n s , o b ta in e d by m inim izing th e sums o f th e s q u a re s o f t h e r e s id u a ls t o d e te rm in e th e r a t e p a ra m e te r r , a r e as fo llo w s ?
Group 10 ______ i a o b ta in an e s tim a te o f r . The e x a c t v a lu e o f r i s sec u red when th e q u a n t i t y Z (l« -R_ ) 2 re a c h e s a minimum. I n a l l p re v io u s s t u d i e s , th e o r d in a te a t which a c c e l e r a t i o n of t h e R^ curve p a sse d t o zero was a c o n s ta n t? nam ely, .3 6 8 ~ l / e^ th e r e c i p r o c a l of th e base o f t h e n a t u r a l system o f lo g a r ith m s . A s a l i e n t f e a t u r e o f th e p re s e n t experim ent i s th e d e m o n stra tio n .th a t t h i s i n t e r e s t i n g p ro p e rty o f E q u atio n 1 i s m erely th e s p e c ia l case o f a s o lu b le problem where t h e asy m p to tic v a lu e i s leOOo I n t h e g e n e ra l case o f problem s ra n g in g in 'd e g r e e o f s o l u b i l i t y ( p r o b a b i l i t y o f m a ste ry -a ) from zero t o u n i t y , th e i n f l e c t i o n p o in t sh o u ld o cc u r a t a / e . E m p iric a l c o n firm a tio n o f t h i s p r e d ic t io n can be seen i n F ig . 3»
C o e f f ic ie n ts o f d e te rm in a tio n f o r E q u atio n s 2 th ro u g h -6 were computed d i r e c t l y from t h e v a r ia n c e s o f t h e r e s i d u a l s and t h e Eg v a lu e s , a s recommended b y Noble (N oble, 1957b). P r e d i c t a b i l i t y i s o v er 99$ i n ev e ry c a se . As a t e s t of o u r h y p o th e s is t h a t r would be a fu n c tio n o f a , th e r a t e p a ra m e te r o f b e s t f i t fo r Group 1G i s compared w ith each o f t h e o th e r s i n Table 1 . Judging by t h e r e l a t i v e l y g r e a t e r amounts .of v a r ia n c e i n Rg s c o re s ac co u n ted f o r by E q u a tio n s 3 , 4 , 5, and 6 when t h e i r l e a s t -s q u a r e s r v a lu e s a r e employed r a t h e r th a n an r o f .9 1 6 , i t i s c le a r t h a t th e r a t e s of change a re s y s t e m a t i c a l ly , a lth o u g h n o t m o n o to n ic a lly , a f f e c te d by m a n ip u la tio n o f t h e asy m p to tes. The T r i a l 5 d is c re p a n c y , t h e r e f o r e , i s n o t s i g n i f i c a n t .
As a f u r t h e r t e s t o f t h e d i f f e r e n t i a l -r a t e h y p o th e s is , a 10x5 mixed-
f a c t o r i a l a n a ly s i s o f v a r ia n c e was perform ed on th e R+ s c o r e s , a rra n g ed i n 10 b lo c k s o f f i v e t r i a l s (N) f o r t h e f i v e e x p e rim e n ta l groups ( a ) . The summary i s shown i n Table 2 . Main e f f e c t s o f N and a and t h e i r i n t e r a c t i o n a re a l l s i g n i f i c a n t . As s t a t i s t i c a l ev id en c e o f n o n -p a r a l l e l t r e n d s , t h e N x a i n t e r a c t i o n s u p p o rts our e x p e c ta tio n t h a t r would v a ry as a fu n c tio n o f a . 
I t i s o f some i n t e r e s t t o e v a lu

(number o f R + 's ) about th e t a s k o r problem . To t h i s end a 't r i a l s -t o -c r i t e r i o n a n a ly s is was made o f t h e f i v e groups i n which t h e c r i t e r i o n was d e fin e d as t h a t t r i a l on which t h e same fo u r c o r r e c t and rew arded re sp o n se s w ere made f o r t h e f i f t h t r i a l i n su c c e s s io n . F ig u re 4 shows th e m edian number of t r i a l s re q u ir e d t o reach , t h i s c r i t e r i o n (Rfj) as a f u n c tio n o f t h e p e rc e n ta g e of r e in f o r c e a b l e re s p o n se s (1 0 0 a ). The r e l a t i o n s h i p i s an in v e rs e p r o p o r t i o n a l i t y whose b e s t -f i t t i n g , l e a s t -s q u a r e s e q u a tio n i s Y --.1?6X + 35«924« C a lc u la tio n o f th e c o e f f i c i e n t o f d e te rm in a tio n i n d i c a t e s t h a t 96% o f t h e v a r ia n c e i n Y i s a t t r i b u t a b l e t o X. From t h i s we conclude
t h a t d i f f i c u l t y i s a n e g a tiv e l i n e a r fu n c tio n o f i n c r e a s in g s o l u b i l i t y o v er t h e p re s e n t ran g e.
F u rth e r ex am in atio n o f F ig . 3 i n d i c a t e s t h a t t h e i n i t i a l p r o f i c ie n c y (Rg on T r i a l l ) o f t h e d i f f e r e n t groups v a r ie s d i r e c t l y w ith th e a s y m p to tic r e s t r i c t i o n s . By r e fe re n c e t o E q u atio n s 2 th ro u g h 6 i t i s e v id e n t t h a t th e t h e o r e t i c a l o r i g i n o f each g ro u p 's curve (Rp on T r i a l 0 ) i s g iv e n by t h e p ro d u ct o f a and i . .This im p o rta n t c h a r a c t e r i s t i c o f E q u atio n 1 may be r a t i o n a l i z e d b y ap p ly in g th e m u l t i p l i c a t i o n th eo rem o f t h e p r o b a b i l i t y c a lc u l u s , as fo llo w s . When
10 keys a r e a v a i l a b l e , t h e p r o b a b il i t y o f g e t t i n g an R+ by chance a lo n e (n o t c o n s id e rin g rew ard c o n tin g e n c ie s ) i s .1 0 (= i ) . When th e number of r e in f o r c e a b l e re s p o n s e s i s r e s t r i c t e d , how ever, we a re dealing with the combined p ro b a b ility of independent ev en ts, each le s s than unity* For t h is re a s o n " we must c a lc u la te the jo in t p ro b a b ility th a t a p a rtic u la r key w ill be selected (R+) and th a t t h i s response w i l l be followed by reinforcem ent (G). In a b stra c t terms? pQjj+flG) = p(R+)op(G)o In th e case of Group U, for example, p(R+) r i r »10
and p(G) a ~ <>40" hence R,,, on T ria l 0 s a a 1 « *04* The jo in t p ro b a b ilitie s of th e other groups are computed i n s im ila r fashion* Thus
Is the ra tio n a le of Equation 1 d ir e c tly coordinated w ith the r e la tiv e frequency th eo ry of probability*
In conclusion, i t appears from th ese r e s u lts t h a t Equation 1 has again proved i t s e l f to be an excellent p re d ic to r of human a c q u isitio n data in complex le a rn in g s it u a t io n s . The v e r s a t i l i t y of the equation i s in d ic a ted not only by i t s a b i l i t y to d escrib e the em pirical r e s u lt s
with an e rro r of le s s than 1%. but also by th e ex ten t to which i t lends i t s e l f to system atic form ulation In p ro b a b ility term s.
Summary
This experiment in v e stig a te d th e e ffe c ts of asymptotic r e s tr ic tio n s on the forms of a c q u is itio n curves in a complex tria l--a n d -erro r learn in g s y ste m a tic a lly !, alth ough not m o n o to n ic a lly 9 a ff e c te d by v a r ia tio n o f th e asym p totes. I t was shown th a t in g en era l th e i n f l e c t i o n p o in ts o f th e t h e o r e t i c a l cu rv es occurred a t ord in ate v a lu e s o f a / e 9 where e = 2. 718.
An a n a ly s is of th e in flu e n c e o f degree o f s o l u b i l i t y on d i f f i c u l t y agreed w ith th e e f f e c t s o f asym ptotic r e s t r ic t io n s on i n i t i a l p r o f i c ie n c y . By m easuring th e median t r i a l s req uired t o m aster four co r r e c t resp on ses in a l l g r o u p s , i t was found t h a t d i f f i c u l t y was an in v e r se lin e a r fu n c tio n o f s o l u b i l i t y .
a n d -e r r o r l e a r n i n g . Amer. P s y c h o l o g i s t , 1954» 9 , 443. ( A b s tr a c t) N oble, C. E . Compound t r i a l -a n d -e r r o r l e a r n i n g a s a f u n c t i o n o f re s p o n se a v a i l a b i l i t y (Ng)» £« ex p . P s y c h o l. , 1955, 4 9 , 9 3 -9 6 . N oble, C. E . Human t r i a l -a n d -e r r o r l e a r n i n g . P sy c h o l. Rep. " 1957, 3 , 3 7 7 -3 9 8 . (e-) N o b le, C. E . S upp lem en tary r e p o r t s R esponse a v a i l a b i l i t y i n human t r i a l -a n d -e r r o r l e a r n i n g . J . e x p . P s y c h o l. , 1957, 53, 3 5 9-360. N oble, C. E ,., A lco ck , W. T. , & F a re s e , F. J . H abit r e v e r s a l u n d er d i f f e r e n t i a l i n s t r u c t i o n s i n compound t r i a l -a n d -e r r o r l e a r n i n g . T a y lo r, A. & N oble, C. E . A c q u is itio n and e x t in c t i o n i n human t r i a la n d -e r r o r l e a r n i n g u n d e r d i f f e r e n t sc h e d u le s o f re in fo rc e m e n t.
J . ex p . P s y c h o l. , i n p re p . I n i t i a l "random" s e l e c t i o n was r e p o r te d by 80$ o f th e S s, w h ile 20% r e p o r te d t h a t t h e y s t a r t e d w ith some sy ste m . Of th e 80% r e p o r t in g i n i t i a l random s e l e c t i o n , 40$ re p o rte d t h a t t h e y d ev e lo p e d a system w ith in 10 t r i a l s . Of th o s e s t a r t i n g w ith a system and th o s e d e v e lo p in g a sy ste m , 77$ u se d th e same sy s te m , t h a t o f p r e s s i n g a b u tto n c o n tin u o u s ly th ro u g h a t r i a l u n t i l t h e y r e c e iv e d a g re en l i g h t , th e n p r e s s in g th e n ex t, b u tto n u n t i l th e y re c e iv e d a g reen l i g h t , rem em bering t o p r e s s t h e c o r r e c t b u tto n f o r th e f i r s t g reen l i g h t , e t c . I t was o b serv ed t h a t i n th e m a jo r ity o f i n s t a n c e s o f t h i s b e h a v io r , G co u ld do t h i s s u c c e s s f u l l y u n t i l a p p ro x im a te ly 4 s o l u t io n s had been f o u n d , a f t e r which c o n s id e r a b le te m p o ra ry " lo s s " o f c o r r e c t re s p o n s e s o c c u rre d . No o th e r system was used by more th a n one S.
Q u e stio n in g re v e a le d t h a t 30$ w ere c o n s c io u s ly aware t h a t th e y w ere a tte m p tin g t o a s s o c ia te b u tto n s and sym bols th ro u g h m em o riza tio n .
The b a la n c e w ere u n a b le t o d e s c r ib e how t h e y le a r n e d t o s o lv e th e p ro b lem .
-13-I n th o s e groups w here s o l u t i o n was im p o s s ib le , 60$ f e l t t h a t g iv en s u f f i c i e n t tim e , t h e y co u ld have s o lv e d th e p ro b le m , w h ile l+Q % f e l t t h a t som ething was wrong w ith t h e m achine. F r u s t r a t i o n and an g e r i n s p i r e d by th e t a s k w ere acknow ledged by 80$ o f t h e sam ple, t h e b a la n c e den y in g t h a t t h e y had had any e m o tio n a l r e a c t i o n . In t h e l a t t e r c a se i t was s u s p e c te d by E t h a t t h i s was l a r g e l y a d e fe n se mechanism s in c e i n m ost i n s t a n c e s ample e v id e n c e of i r r i t a t i o n had been o b serv ed i n th e f orm o f fro w n s , b i t i n g o f l i p s , b e a tin g on th e re s p o n se p a n e l, and e x c e s s iv e v ig o r o f b u tto n p r e s s in g .
I n g e n e ra l t h e most a p p a re n t b e h a v io r c h a r a c t e r i s t i c n o te d by E d u rin g q u e s tio n in g was t h e u naw areness o f th e means by w hich l e a r n in g to o k p l a c e . E f e l t t h a t many o f t h e an sw ers on w hich t h e p re c e d in g t a b u l a t i o n was based w ere p u r e ly p o s t hoc r a t i o n a l i z a t i o n s by S. Table 2 A n a ly s is o f V a rian ce o f C o rre c t R esponses (S+) D uring S u c c e s siv e 5 -T r ia l B locks f o r t h e V arious E x p e rim e n ta l Groups 
